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LIQUIDS 

The present invention relates to iouic liquids and uses thereof. The invention also 
provides processes for the manufacture of ionic liquids. 

Ionic liquids are compounds which are composed of ions but which have a melting 
poittt below ambient temperature. They can be formed when relatively large 
molecules are used as the base and/or the acid to form an ionic salt, By using a large 
base or acid, the degree of order of the resulting salt caq. be reduced and the melting 
point lowered to a point where the resultant salt is liquid at ambient temperature. 
The delocalisation of the charge on the ion is also an important factor in determining 
the melting point of the resulting salt 

Ionic liquids may be made up of anions and cations or alternatively consist of 
switterions carrying both a positive and a negative charge on the same molecule. 
Most commonly the ionic liquid "Will comprise an anion and a cation. 

The prior art comprises liquids composed of a quaternary nitrogen-based ion, for 
example, based on a nucleus selected from quaternary ammonium cations, 
pyrazolium cations, imidazoline cations, triazoliiwn cations, pyridinium cations, 
pyridazinium cations, pyrimidiniurn cations, pyrazinium cations and triazinium 
cations. These types of ionic liquids tend to be highly viscous and strongly absorb 
UV and visible light. Furthermore, the preparation of these ionic liquids involves a 
number of chemical steps that makes the process both time consuming and 
inefficient. 

The inventors have provided further ionic liquids. 

According to the present invention there is provided an ionic liquid comprising an 
anion and a cation -wherein the cation is a primary, secondary or tertiary ammonium 
ion containing a charged nitrogen atom, 

1 



101002?? i:Q7"Apr-04 04:47:1 



7. APR. 20(14 15:42 HARRISON GODDARD FOO no. 919 p. 7 



As used herein a 'primary annnonium ion" is an ammonium ion in which the 
nitrogen has 1 carbon atom attached to it. 

As used herein a "secondary ammonium ion" is an ammonium ion in which the 
nitrogen has 2 carbon atoms attached to it. 

As used herein a "tertiary ammonium ion" is an ammonium ion in which the nitrogen 
has 3 carbon atoms attached to it 

According to a further aspect of the present invention there is provided an ionic 
liquid composing an anion and a cation characterised in that the cation is a nitrogen- 
containing cation of the formula (T) 

in which R is a hydrocarbyl group optionally substituted with by one or more 
snbstituents selected from nitrogen-contaimng functional groups (including nitrite, 
nitro or amino or another basic mtrogen-oontaining fimctional group), thiol, alkythio, 
sulphonyl, thiocyanate, isothiocyanate, azido, hydrazine, halogen, allcyl optionally 
interrupted by one or more ether or thioether linkages, aJkoxy, alkenyl, hydroxy, 
carbonyl (including aldehyde or ketone), carboxyl, boronate, silyl and substituted 
amino (e.g. mono- or di-alkylamino or alkyamido); and 




R' and R", which may be the same or different, each represent H or R- 



or 



any two or three of R, R>, R" may be joined together with the N to form a cyclic 
group. 

For the purposes of this invention hydrocarbyl includes, but is not limited to, alkyl, 
alkenyl, alkynyl, cyclobydrocarbyl, fot example cyeloalkyl, cycloalkenyl and moieties 
containing a combination thereof. 



2 
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As used herein "allcyl" relates to both straight chain and branched alkyl radicals* for 
example, of 1 to 12 carbon atoms, e.g, I, % % 4, 5, 6, 7, 8 cafboa, atoms including but 
not limited to methyL, ethyl, n-propyl 7 isopropyl, n-butyl, see-butyl, isobutyl, tert- 
butyl, n-pentyl, n-hexyl, n-heptyl ? n-octyL The term alkyl also encompasses 
cycloalkyl radicals including but not limited to cyclopropyl, cyciobutyl, cyclopentyl 
or cyclohexyl. 

The alkyl group may be substituted with one or more halogen atoms, tex one class of 
compounds the halogen is fluorine, in another it is chlorine, in a third it is a 
combination of fluorine and chlorine. 

"Alkoxy" relates to both straight chain and branched alkyl radicals, for example, of 1 
to 12 carbon atoms, e.g. 1, 2, 3, 4 3 5, 6, 7, 3 carbon atoms containing one or more 
oxygen atoms orhydroxyl. 

The term "alkenyl" means a straight or branched alkenyl radical of ? for example* 2 to 
12 carbon atoms such as 2, 3, 4, 5 or 6 carbon atoms, and. containing one or more 
carbon-carbon double bonds and includes but is not limited to ethylene, n-propyM- 
ene, n-propyl-2-ene, isopropylene etc. 

"Alkynyl" relates to a straight or branched alkynyl radical of, for example, 2 to 12 
carbon atoms f such as 2, 3, 4, 5 or 6 carbon atoms, and containing one or more triple 
bond*. 

"Cyclohydrocarbyl" relates to a saturated, partly unsaturated or unsaturated 3-10, 
for example, 5, 6, 7, S, 9 or 10, membered hydrocarbon ring, including cycloalkyl or 
aryl. 

"Aryl" means an aromatic, for example, 6 -10 membe?red hydrocarbon containing 
one, e.g. 6C-10C, ring which is optionally fused to one or more saturated or 

3 
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unsaturated rings, including phenyl or phenyl substituted by an alkyl or alkoxy group 
in which alkyl and alkoxy are as described herein. 

"HeterparyF means an aromatic, for example, 5-10 membered aromatic ring 
containing one or more heteroatoms selected from N, O or S, and containing one ring 
which is optionally fused to one or more saturated or unsaturated rings. 



; one or 



"Heterocyclyl" means, for example, a 3-10 membered ring system containing . 
more heteroatoms selected from N, O or S and includes heterowyL The heterocyclyl 
system may contain one ring or may be fused to one or more saturated or unsaturated 
rings; the heterocyclyl may be folly saturated, partially saturated or unsaturated- 

"Cyclic group" means a ring or ring system, which may be unsaturated or partially 
unsaturated but is usually saturated, typically containing 5 to 13 ring-foiming atoms, 
for example a 5- or 6- membered ring. 

Examples of cyclohydrocarbyl or heterocyclyl groups include but ate not limited to 
cyclohexyl, phenyl, acridine, benzimidazole, benzofuran, benzothiophene.. 
benzoxazole, benzothiazole, carbazole, cinnoline, dioxin, dioxane, dioxolane, 
dithiane, dithiazine, dilhiazole, dithiolane, furan, imidazole, hnidazoMne, 
imidazolidine, indole, indoline, indolizhie, indazole, isoindole, isoquinoline, 
isooxazole, isothiazole, morpholine, napmyridine, oxazole, oxadiazole, oxathiazole, 
OXathiazoUdine, oxazine, oxadiazine, phenazine, phenothiazme, phenoxazne, 
phthalazine, piperazine, piperidine, pteridine, purine, putrescine, pyran, pyrazine, 
pyrazole, pyrazoline, pyrazoHdine, pyridazine, pyridine, pyriimdine, pyiroliddine, 
pyrrole, pyrroline, quinoline, quinoxaline, quinazolme, quionolizine, tetrahydrofuran, 
tetraziae, tetrazole, thiophene, thiadiazine, tbiadiazole, thiatriazole, thiazine, thiazole, 
thiomorpholme, thianaphthalene, thiopyran, triazine, triazole, trithiane, tropine. 

Halogen means F, CI, Br, or I. 
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la one class of compounds R* and R" are H. Compounds such as these having 1 R 
group and 3 hydrogens are referred to herein as primary ammonium ions. 

The invention covers cpmpounds of formula CO having 2 R groups and 2 hydrogens 
and. which are referred to herein as secondary ammonium ions respectively. The 
invention further covers compounds having 3 R groups and 1 hydrogen and which 
are referred to herein as tertiary amrnotrium ions. 

Included is a class of compounds in which R* and R a s are different and have the same 
meaning as R. 

In one class of compounds, there are excluded cations where R, R* and R" are the 
Ste and are ethyl or butyl. 

Where R' and R" are both CHg, the invention may include the proviso that R is not 

EL 

Where one or R ? and R ? * is K and the other is CHfe, the invention may include the 
proviso that R is not CH3. 

in addition to demonstrating high solvation capability, the iovio liquids of the present 
invention have a low viscosity, are non-toxic and are colourless. These features 
make the ionic liquids of the present invention useful as solvents in a variety of 
processes. 

Preferably^ R is substituted with a moiety selected from the group consisting of 
alkenyl, hydroxy!, amino, ihio, carbonyl and carboxyl groups. More preferably* 
R is substituted with a hydroxyl, amino, thiol moiety. 
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If more than, one substituent group (for example, selected from the group consisting 
of alkenyl, hydroxyl, amino, thiol, carbonyl and carboxyl groups) is present then 
more than one substituent group may be psesent on a single cation. 

In one class of compounds, R is a hydroxyalkyl group having 1, 2, 3, 4, 5 or 6 C 
atoms. The hydroxyalkyl group may have a hydroxy! moiety on its free, terminal 
carbon. R maybe a polyol having 2 to 6 C atoms, for example, a di-alkanol, tri- 
alkanol or tetra-alkanol group. More preferably, me cation is an elhanolammonium, 
diethanolammouium or triethanolammomum ion. 

In another class of compounds, R is an aminoalkyl group having 2 to 8 C atoms, for 
example, 2, 3, 4, 5, 6, 7 or 8 C atoms. Tlie aminoalkyl maybe a di or tri-aminoalkyl 
group. 

Txi some compounds, R is putrescine, pyrrole, piperidine, tropine or cyclohexane. 

Preferred cations include an ethanolammonium, diefhanolammonium, 
butyldiemaaolammonium, dixuethylethanolammonium, putrescinium, l-(3- 
hydroxypropytyputrescimum, N-methylcyclohexylammonium, N-(3-bydroxypropyl)- 
N-methylcyclohexylammomum, N-memylpyrroHdimum N-(3-hydroxypropyl)-N- 
methylpyrroKdinium, 3-memylpiperidmium, N-(3-hydroxypropyl)-3- 

memylpiperidinium, N-mefhylpiperidinium, N-(3'hydroxypmpyl)-N- 

methylpiperidiniuiM, tropinium, pyridmium, N-(3-hytoxypiopyl)pvridmium, 3- 
hydroxvpyridinium, N-(3-hydroxypiopyl>3-hydroxYpvridimum or N-butyl-3- 
hydroxvpyridmium cation. 

Any anion included in the above list may be combined with any disclosed cation. 

The identity of the anions in the ionic liquids of the invention is not critical. The 
only theoretical constraint upon the choice of the anion is its ionic weight in order to 
keep the melting point of the ionic liquid below the desired temperature. 
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Preferably the anion is selected from halogeaated inorganic anions, nitrates, 
sulphates, phosphates, carbonates, sulphonates and carboxylates. The sulphonates 
and carboxylstes may be alkylsxdphonates and alkylcarboxylates, m which the alkyl 
group is a moiety, for example having 1 to 20 C atoms, selected alkyl and alkyl 
substituted at any position with alkenyl, alkoxy, alkeneoxy, azyl ? aiylalkyl, aryloxy, 
amino, anunoalkyl, thio> thioajkyk hydroxy!, hydroxyalkyl, carbonyl, oxoalkyl, 
oarboxyl, carboxyalkyl or halide function, including all salts, ethers, esters, 
pentavalent nitrogen or phosphorus derivatives or stereoisomers thereof. For 
example, the anion may he selected from chloride, iodide, hexafluorophosphate, 
tetrafluoroborfrte, tafluoro&cetate, benzoate, salicylate,, ± -lactate, (») lactate, (+> - 
pantothenate, (±) -tartrate, (+) -tartrate, (-) ^tartrate, (±) -hydrogen tartrate, (+) - 
hydrogen tartrate, (-) -hydrogen tartrate, (±) -potassium tartrate, (+) -potassium 
tartrate, (-) -potassium tartrate, mesci-tartrate, meso-\ -hydrogen tartrate, meso-2- 
hydrogen tartrate, meso-1 -potassium tartrate, m&s-<>2-potasshim tartrate. An 
especially preferred anion is an organic carboxylate. When the anion is required to 
include a labile proton then tartrate and lactate functional groups are preferred. Both 
tartrate and lactate comprise acid and hydroxy! functional groups. 

The ionic liquid according to the invention may contain cations which are all the 
same or which are different. In the same way, the ionic liquids may contain anions 
which are all the same or which are different. Thus the invention encompasses ionic 
liquids including a mixture of different cations and/or different anions. 

Ionic liquids of the invention may include any of the following: 
Ethanolammonium methanesulfonate 
Ethaaolammonium glycolate 
Dietbanolammonium hydrogen carbonate 
Diethanolammoiutim hexafluorophosphate 
Diethanolammonium methanesul fonate 
Diethanolammonium hydrogen sulfate 

7 
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Diethaiiolammomxim dihydiogen phosphate 
Diethanolammtaiura formate 
Di ethanolammoriiiim glycolate 
Diethanolammoirium crotonate 
Daeth^olammonium dihydrogen borate 
Diellianolammoiiium trifluoroacetate 
Diethanolaiamonium beanzoate 
Dieth^olaiitmionium salicylate 
Dietha^olaramonium. (±)-lactate 
Diethanolammonmm (±)-hydrogen tartrate 
Diethatxolammoniiim hydrogen oxajate 
Diefhanolammomtim phenylacetate 
Di(diethanolammonixim) carbonate 
Di{diethaaolarnmoiuum) sulfate 
DiCdiethanolaimaomxim) hydrogen phosphate 
Di(diethanolamrnonium) (±)-taitrate 
Di(diethanolainmoniurn) oxalate 
Di(diethaaolamnionium) hydrogen borate 
Butyl<Kothmc>lammoiuiim hydrogen carbonate 
Butyldielhaiiolamrnoniiim hexailuorophosphate 
Butyldiethanolarninoxii-uin methanesulfoixate 
Butyldiethanolartrnioiiium hydrogen sulfate 
Bntyldiethanolammoniutti dihydrogen phosphate 
Butyldietiianolaxamoniiim formate 
Butyldiethanolammonium benzoatc 
Butyldiethanolammonium salicylate 
Butyldiefhanolaitnnonium glycolate 
ButyldiethanolaixTOoniiim (±)-lactate 
ButyldiefhanolarnmomxJm <-i-)-lactate 
BiatyldiethaixoJLanimoiiium -lactate 
Butyldi$th^olammoiiium hydrogen oxalate 
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Bulyldiethanolammoiuum crotonate 
ButyldLethanoIainmoiiiiim uiootinate 
Butyldiethaaolaininonixim acefylsalicylate 
Butyldiethanolainmonium iodide 
Di(batyldiethanolammoniTim) carbonate 
Di(biityldicihanolsinmonitim) sulfate 
Di(bulyldiethano]iammoniiim) hydrogen phosphate 
Di(>Wyldiethanolaimnoiiimn) (±)-tartrate 
Di(^u1yldie1hmolammoni«in) oxalate 
Dimelhylethaaolammonium methaixesuifoDate 
Dimethyletfaanolaiiamomiam hydrogen sulfate 
Dimethylelhmolsaiiimomxim dihydrogen phosphate 
Dimethylettoanolairanonium formate 
Dwuethylethanolammomxjm salicylate 
Dimethylethanoianmioiiiurri glyeolate 
Dimethyle^a^olannnoiuiim (±)-lactate : 
Dimelhylethanolamraoiiium hydrogen oxalate 
Di(diTO^ylsth^olammonium) sulfate 
Di(dimethylethanola3ximoniiiroL) hydrogen phosphate 
Di(dimelhyle<haiiolanimoidum) oxalate 
Putrescinium mono(methanesulfoiiate) 
Putrescinium mono(glycolate) 
Putrescimum mono[(±)-Iactate] 
Di(putrescinium) mono(hydrogen phosphate) 
Difputreacinium) mono[(±)-tartrate] 
Di(putrescininm) mono(hydrogetL borate) 
Putrescinium di(methanesulfonate) 
Putrescirrium di(glyeolate) 

1 -(3-Hydroxypropyl)putresciniurfx monp(methanesulfonate) 
1 '(3-Hydrox>propyl)putresciiixiim mono(hydrogen sulfate) 
l-(3-Hydrox>propyl)putrescimnmmoiio(gIycolate) 
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Di[l-(3-hydroxypit^yI)putrescimui](j] sulfate 
N-Me&ylcsrclohexylammonii^ 

N-Methylcyclohexylaninionium. glycolate 
N-(3-Hydroxypropyl)-N^^ 

N-(3-Hydroxypropyl)-N-methylcyclohexylatt3inoniiun folate 

N^-Hydroxypropyl^N-methylcyclohexylainmonium salicylate 

N<3-Hydroxypiopyl>N-raefeylcyclohe^Iaiiimonium glycolate 
Di(N-(3-liydio:^ropyl)-N^ 

N-Methylpyrrolidinium methanesulfonate 

N-Methylpyixolidinium glycolate 

N-(3-Hydroxypropyl)-N-me^ 

N-(3-Hydroxypix»pyl)-N-me1^ylpyrio]idMum glycolate 
3-Metkylpiperiditiium methanesulfonate 
3-Methylpipcridiaicm glycolate 

N-(3-Hydroxypropyl)-3-m^ylpiperidimummethaiieaulfotiate 
N-(3-Hydroxypropyl)-3-me^ylpiperidiiiium glycolate 
N-Methylpiperidinium memanesulfoaate 
N-Methylpipexidinium glycolate 
N<3-Hydraxypropyi)-N-methy^^ 

N-(3-Hydroxypropy3)-N-methylpiperidiiiium glycolate 
Tropinium methanesulfonate 

N<3-HydroxypTopyl)pyridiniiiinliexafluorophosphate 
N^3-Hydroxypn>pyl)pyridimiim methanesulfonate 
N-(3-Hydrox^ropyl)pyridtoiuin glycolate 
3-Hydroxypyridinium methanesulfonate 
3-Hyijjroxypyridiiiium glycolate 



3-Hydroxypyridinium (±)-lactate 
N-C3-Hydroxypiopyl)-3-hydrox^ 

N-(3-Hyo^xypropyi)-3-hydroxypyridmium glycolate 
N-Bu^l-3-hydroxypyridinium methauesulfonate 
N-Butyl-3-hydroxypyridmium glycolate 
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The term 6t ionic liquid" herein includes, but is not limited to 3 compounds composed 
of ions and liquid at temperatures at which the compound is stable and the ionic 
liquids may have a melting point below 30°C, for example, below 25*C and 
optionally below 20°C. The boiling point of the iooic liquid may be at least 200°C- 
It maybe above 500 D C or even sbove 1000°C 

According to a further aspect, the? present invention provides a process for the 
preparation of an ionic liquid according to the invention, the process comprising the 
steps of: 

i. ) providing an organic pximary, secondary or tertiary amine; and 

ii. ) neutralising the compound in (i) with an acid. 
The process according to the invention may comprise the steps of: 

i) providing a nitrogen-containing compound of the formula (H) 

NRR'R" OD 

in which R, R 5 and R' ? have the meaning defined herein; and 

ii.) neutralising the compound in (i) with an acid. 

The process of the present invention provides an economical route to the manufacture 
of ionic liquids since the process involves only a single step and uses starting 
materials that are generally readily available. 

During the process of the invention, the nitrogei* atom of the primary, secondary or 
tertiary amine is protonated to provide a protonated ammonium ion. 
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Preferably, the acid includes an anion as defined herein. 

Preferably the acid anion comprises a halogenated inorganic anion,, nitrate, sulphate, 
carbonate, sulphonate or carboxylat<?. 

The invention, also encompasses compounds of formula (H) and their use in the 
preparation of one or more ionic liquids. 

The invention further provides the use of a cation as defined in the ionic hquids of 
the present invention in a solvent for enzyme-catalysed reactions. Further provided is 
the use of an ionic liquid according to the present invention as a solvent for enzyme- 
catalysed reactions. 

The use of ionic liquids in certain biological and/or chemical reactions has several 
advantages over traditional aqueous solutions. Ionic liquids have an ability to 
dissolve a wide range of inorganic, organic, polymeric and biological materials, often 
to a very high concentration. They have a wide liquid range, allowing both high and 
low temperature processes to be carried out in the same solvent. They do not elicit 
solvolysis phenomena and most stabilise short-lived reactive intermediates. There 
are no pH effects in the solvents and there is practically zero vapour pressure over 
much of the liquid range. Ionic liquids also exhibit excellent electrical and thermal 
conductivity whilst being non-flammable, recyclable and generally of low toxicity. 

The invention further provides the use of an ionic liquid, or of a cation as defined in 
an ionic liquid, according to the present invention in a solvent for organic synthesis, 
matrixes in matrix-assisted laser desorption/ionisation CVIALD1) mass spectrometry, 
solvent extraction (e.g to remove desired components from animmicible liquid or 
solid) or gas chromatography, catalysis, liquefaction, nuclear fuel reprocessing, fuel 
cells, electrochemical applications, perforation, drug delivery, lubrication. 




12 



10100297 07-Apr-04. 04:47 1 



7. APR, 2004 15:45 



HARRISON GQDDARD FOO 



NO. 919 P. 18 



Furfchex provided is a method for carrying out an enzyme-catalysed reaction 
comprising 

i. ) providing a liquid reaction medium which comprises an ionic liquid 

according to the present invention; 

ii. ) providing in the liquid reaction medium an enzyme and a substrate for 

the enzyme; and 

iii. ) allowing reaction of the substrate to occur, 

Further provided is a method for the synthesis of one or more organic compounds, 
the method comprising carrying, out an organic synthesis reaction in an ionic liquid 
according to the present invention. 

The invention will now be described by way of the following, non-limiting example: 
MATERIALS AND METHODS 

Preparation of ammomum-bas ed; ionic liquids bearing one or more ammoniac al 
protons 

The requisite stoichiometric equivalents of the parent amine and complementary acid 
were dissolved independently in water, to give solutions of relatively equal 
concentration. Equal volumes of these two solutions were mixed together in a flaslt, 
with stirring and cooling, at a rat© sufficiently slow as to prevent the temperature of 
the reaction from exceeding 60°C. When neutralization was complete, the excess 
water was removed in vacuo, sX temperatures not exceeding 60°CL The product was 
theft freese-driedj analysed and stored in a desiccated condition. 

Preparation of diethanolammonitun sulfate 

Aqueous solutions of diefhanolamine (100.00 mL ? 2.000M concentration) and 
sulfuric acid (50* 00 mL a 2.000 M concentration) were mixed together in a 250mL 
flask, with stirring and Cooling. After neutralization was complete, the cold aqueous 
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solution was filtered, transferred to a fresh flask and the excess water removed on a 
rotary evaporator. The sample was them frozen and dried in vacuo, being allowed to 
rise gradually to room temperature. The product was analysed by FT-IR, UV-Vis and 
1H-NMR spectroscopy and elemental analysis; water content was determined by 
means of the Karl Fischer titration and the purified material was stored over 
anhydrous calcium chloride in a vacuum oven, at a temperature of 50°C, 
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CLAIMS 

L Ati ionic liquid comprising a*x anion and a cation wherein the cation is a 
primary., secondary or tertiary ammonium ion containing a protonated nitrogen atom, 

2. An ionic liquid comprising an anion and a cation characterised in that the 
cation is a nitrogen-oontaining cation of the formula (I) 

K'HRR'R" (1) 

in which R is a hydrocarhyl group optionally substituted with by one or mote 
substitnents selected from mtrogen-containing functional groups (including nitrile, 
xatro or amino or another basic nitrogen-containing functional group), thiol, alkythio* 
sulphonyl, fhiocyanate, isothiocyanate, asido, hydrazino, halogen, alkyl optionally 
interrupted by one or more ether or thioether linkages, alkoxy, alkenyl, hydroxy, 
carbonyl (including aldehyde or ketone), carboxyl, boronate, silyl and substituted 
an™o (eg, mono- or di-alkylamino or alkyaniido); and 

R* and R", which may be the same or different, each represent H or R; or 

any two or three of R, K\ R" may be joined together with the N to form a cyclic 
group, 

3. An ionic liquid as claimed in claim 2 wheapem the hydrocarhyl is an alkyl, 
alkeayl, alkynyl or cyclohydrocarbyl group 

4. An ionic liquid as claimed in claim 3 wherein the cyclohydrocarbyl is a 
oycloalfcyl or eycloalkenyl. 

j 
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5. An ionic liquid as claimed in any of claims 2 to 4 wherein the alkyl is methyl, 
ethyl, n-propyl, isopropyl, n-bmyl, sec-butyl, isobntyl, tert-butyl, n-pettfyl, n-hexyl, 
heptylorn-octyl. 

6. An ionic liquid as claimed in any of claims 2 to 4 wherein the alkyl group is 
substituted with one or more halogen atoms 

7. An ionic liquid as claimed in claim 4 wherein the cycloalkyl is cyclcpropyh 
cycle butyl, cyclop entyl or cyclohexyl. 

8 . An ionic liquid as claimed in claim 2 wherein R* and R' 1 are H. 

9. An ionic liquid as claimed in claim 2 wherein R» and R" are different and 
have the same meaning as R. 

10. An ionic liquid as claimed in claim 2 excluding cations in which R, R' and 
R" are the same and are ethyl or butyl. 

11. An ionic liquid as claimed in claim 2 including the proviso that when R' and 
R" are both CH 3 , R is not H- 

12. An ionic liquid as claimed in claim % including me proviso that when one of 
R' and R" isH and the other is CH 3 , R is not CBfe. 

13 . An ionic liquid as claimed in claim 2 wherein R is substituted with a moiety 
selected from the group consisting of alkenyl, hydroxyl, amino, thio, carbonyl and 
carboxyl groups. 

14. An ionic liquid as claimed in claim 13 wherein R is substituted with a 
hydroxyl, amino or thiol moiety. 
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15. An ionic liquid as claimed in, claim 2 wherein R is a hydroxyalkyJL group 
having 1, 2, 3, 4, 5 or 6 C atoms, 

16. An ionic liquid as claimed in claim 15 wherein the hydroxyalkyl group has a 
hydroxy! moiety on its free* terminal carbon, 

17. An ionic liquid as claimed in claim 1 5 or 16 wherein R is a polyol having 2 to 
5 C atoms. 

18. An ionic liquid as claimed in claim 17 wherein R is a di-alkanol, tri-alkanol 
or tetra-alfcanol group. 

19. An ionic liquid as claimed in claim 1 or 2 wherein the cation is an 
ethanolammonium, diethanolammonium or triethanolammonium ion. 

20. An ionic liquid as claimed in claim 2 wherein R is an anrinoaJkyl group 
having 2 to S C atoms 

21 . An ionic liquid as claimed in claim 20 wherein the aminoalkyl may be a di or 
tri-aminoalkyl group. 

22. An ionic liquid as claimed in claim 2 wherein R is putrescme, pyrrole, 
piperidine, tropine or cyclohexane. 

23. An ionic liquid as claimed in claim 1 or 2 wherein the cation is selected from 
the group consisting of an ethrniolammonium ? diethanolammojiium,, 
butyidiethanolammonium, dimelhylethanolainmonitoi, putrescinium, l-(3- 
hydroxypropy^putrcscinium, N-methylcyolohexylammonium, N-(3-hydroxypropyl)- 
N-methylcyclohexylammonium, N-methylpycrolidimura N-(3-hydtoxypropyl)-N- 
methylpyrrolidinium, 3-methylpiperidinium, N-(3-hydroxypropyl)-3- 
meihylpiperidinium, N-methylpiperidinium, N-(3-hyd3roxypropyl)-N- 
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methylpiperid™uTa ? tropimum, pyridiniiim^ N»(3-hydK)xypropyl)p>TidmiiittL, 3- 
hydroxypyridiniuiTi ? N-(3-hydroxypiXjpyl)-3-hydrox>^yridinium or N-biityl-3~ 
hydroxypyridiniurn cation. 



24. Aj& ionic liquid as claimed in claim 1 or 2 wherein the anion is selected from 
halogenated inorganic anions, nitrates, sulphates, phosphates, carbonates, sulphonates 
and carboxylates. 

25. An ionic liquid as claimed in claim 24 wherein the sulphonates and 
carboxylates are alkylsulphonatcs and alkylcaiboxylates respectively. 

26. An ionic liquid as claimed in claim 25 wherein the alky! group is a moiety 
selected from alfcyl and alfcyl substituted at any position with alkenyl, aJOcoxy, 
alkeneoxy, aryl, aiyialkyl, aryloxy, amino, aminoalfeyl, thio, ftaioallsyl, hydroxy^ 
hydroxyalkyl, carbonyl, oxoalkyl, carboxyl, carboxyalkyl orhalide function 

27. An ionic liquid as claimed in claim 24 wherein the anion is selected from 
chloride, iodide, he^afluorophosphate, tetraflnoroborate > trifluoroacetate, benzoate, 
salicylate, ± -lactate, (-) lactate, («+) -pantothenate^ (±) -tartrate, (+) -tartrate, (-) - 
tartrate, (±) -hydrogen tartrate, (+) -hydrogen tartrate, (-) -hydrogen tartrate, <±) - 
potassium tartrate, (+) potassium tartrate, (-) -potassium tartrate, mes&-tartt&t& 3 

-hydrogen tartrate, w &yo-2*-hydxogen tartrate, /we^e-l-potassium tartrate, ni&so*- 
i 2-potassium tartrate. 

28. An ionic liquid as claimed in claim 24 wherein the anion is an org an ic 
carboxylate. 



29. An ionic liquid as claimed in claim 1 or 2 which is selected from the group 
consisting of: 

Efhanolainmonium methanesulfonate 
Efiianolammonium glycolate 
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Didhanolarnmonhjin hydrogen carbonate 
Diefeanolammonium hexafluorophosrphate 
Diethanolammonium methanesulfonate 
Dieth^nolamnionium hydrogen sulfate 
Diethanolamraonium dihydrogen phosphate 
Didhanolamrnoaium formate 
Dietba^olammonium glycolate 
Diethanolanraiomiini crotonate 
iDieth^olammoniiim dihydrogen borate 
Diefhanolanunoniiun trifluoroaeetate 
Diethajiolamiaioni'uin benzoate 
Diethanolammomum salicylate 
Di«1^anolarnjiioiiiijm (±)-lactate 
Diethanolanrrnoni-ani (±)-hydrogen tartrate 
IMethanolainmomum hydrogen oxalate 
Diethanolaaiimonium phenylacetate 
Di(diethanolanunonium) carbonate 
Di(di^an,ola^iraonium) sulfate 
Di(die^anolarmno3wwro) hydrogen phosphate 
Di(diethanolammomiim) (±)-taxtrate 
Di(dietlmaolarnmoniiim) oxalate 
Di(dieflianoLammoniiim) hydrogen borate 
Butyldiethanolanimoniuin hydrogen carbonate 
Bntyldiethaaglaramonium hexafluorophosphate 
Butyldiethanolammonium methanesulfonate 
ButyldiBthanolammoninm hydrogen sulfate 
ButyldiethainoLaxnmoniiim dihydrogen phosphate 
Butyldiethanolammoniiim fonnate 
Butyldiethanolammoninm benzoate 
Bntyldietbianolarrimonitim salicylate 
Butyldiethanolarnmoirium glycolate 
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Eutyldicthanolammonium (±)-lactate 
Bvtyldiethmolammoniiim (+)-Iactate 
Butyldiethauolammonium (~) -lactate 
Butyldielhanolammonium hydrogen oxalate 
Butyldiethanolarrmioiuinii crotonate 
ButyldieliiaiiolamirLoiiiiiin niootinate 
Bixtyldielianolarnmomiim acetylsalicylate 
ButyldiethtoOlaromoiiiijm iodide 
Di(butyldi«1iiaaolainmonium) carbonate 
Di(bUtyldiethanolammonium) sulfate 
Di(butyldiethaGolainmonium) hydrogen phosphate 
D5(butyldiethanolammoniuin) (±)-tartrate 
Di(birtyldie1hanolammonium) oxalate 
Dimethylethanolammoiuum methanesulfonate 
Dimethylethanolammoxiium hydrogen sulfate 
Dira^ylethanolamniomum dihydrogen phosphate 
Dimethylethanolammonium formate 
Dimethyleth^olaitmiomiim salicylate 
Dimethylethanolammoriiiim glyeojate 
Diifcefhylelhanolai]^ (±)-lactate 
Dim^yleliianolannnoniiini hydrogen oxalate 
Di(dimethyle1hanola^^ sulfate 
Di(dhiaefhyleth^ hydrogen phosphate 

Di(dimethyle1±kanolainmoniuni) oxalate 
Putresoinium moilo(methanesulfonate) 
Putresci^xim mono(glycolate) 
Putrescinium mono[(±)-Lactate] 
Di(put^i;iiiiurn) mono(hydrogen phosphate) 
Di(pTitr«sciniiim) mono[(±)-tarfrate] 
Di(putrescimiim) Tnono(hydrogen borate) 
Putrcscininm di(roethanesulfonate) 
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Putrescinium di(glyoolate) 

l-(3-Hydroxyprqpyl)pi).trescinium mono(methaaesulfonate) 

l-(3-HydxoxyprqpyI)ptitresciniiim monc-(hydrogen sulfate) 

aK3-Hydroxypxopyl)putrBsciiiiiinimono(glycolate) 
Di[l-(3-hydroxypropyl)piitreseiniam] sulfate 
N-Methylcyololiexylammonium methanesulfonate 
N-Methylcyclohcxylamrnoiiium glycolate 

N-(3-Hydroxyprqpyl).N-mefhylcyclohexylammomummeth 
N<3-Hydroxypropyl)-N^^ 

N^3-Hydroxypropyl>N-methylcyclohexylanunoiMumsaHcy^^ 
N-(3-Hydroxypropyl)-N-methyioycloliexylaminomum glycolate 
Di|^-(3-hydroxypropyl>N-me^^ sulfate 
N-MethylpyrroUdinium methanesulfo&ate 
N-Me&ylpynolidinium glycolate 
N<3-Hydroxyp rop yl)-N^^ 

N-C3-Hydroxypropyl)-N-methylpyrrolidiniiun glycolate 
3-Mettiylpiperidinium anethanesulfonate 
3-Methylpiperidinium glycolate 

N-(3-Hydroxypropyl)-3-methylpiperidiiuummelfcanesulfonate 
N<3-Hydroxypropyl)-3-methylpiperidinitim glycolate 
N-Mefhylp^eridinium methaaesulfonate 
N-Mefhylpiperidiqium glycolate 
N<3-Hydroxypiopyl)-N-met^ 

N<3-HydroxypropyI)-N-methylpiperidininm glycolate 
Tropiai-um methanesulfonate 

N<3-Hydimypropyl)pyridJBdtomhexafIuorophospliate 
N-(3-Hydroxypropyl)pyridiniummethanesulfojoate 
N-CS-Hydroxypropy^pyridinium glycolate 
3-HydroxypyridMutti methanesulfonate 
3 -Hydroxypyridinixrai glycolate 
3-Hydfoxypyridinium (±)-iactate 
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N-(3-Hydroxypropyl)-3-h^ 

N-C3-Hydroxypropyl)-3-hydrox>pyridiiu\im glycolate 
N-Eutyl-3-hydroxypyridi^i"Uin methaaesulfonate and 
N-Butyl-3-hydxoxypyridiniiim glycolate 

30. A process for the preparation of an ionic liquid as claimed in claim 1 or 2, the 
process comprising the steps of: 

ii.) providing an organic primary, secondary or tertiary amine; and 

ii.) neutralising the compound in (i) with, an acid. 

31. A process as claimed in claim 30 which comprises the steps of: 

i.) providing a nitrogen-containing compound of die formula (II) 



in which R is a hydrocarbyl group optionally substituted with by one or more 
substituents selected from nitrogen-containing function groups (including 
iritrile, nitro or amino or another basic mtxogen-containing functional group), 
thiol, alkythio, sulphonyl, thiocyanate, isofhiocyanate, azido, hydrasino, 
halogen, alfcyl optionally interrupted by one or more ether or thioether 
linkages, alkoxy, alkenylj, hydroxy, carbonyl (including aldehyde or ketone), 
carboxyl, boronate, silyl and substituted amino (e.g. mono- or di-alkylamino 
or alkyamido); and 

R 3 and R", which maybe the same or different, each represent H or R; or 

any two or three of R, K\ R 5 ' may be joined together with the N to form a 
cyclic group; and 
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iii. ) neutralising the compound in (i) with an acid. 

32. A process as claimed in claim 30 or 3 1 wherein the acid includes an anion 
comprising a haicgenated inorganic anion, nitrate, sulphate, carbonate, sulphonate or 
carboXylate. 

33. The use of an ionic liquid as claimed in any claims 1 to 29 as a solvent for 
enzyme-catalysed reactions. 

34. The use of an ionic liquid as claimed in any of claims 1 to 29 in a solvent for 
organic synthesis, matrixes in matrix-assisted laser desorption/ionisation (MAL3DI) 
mass spectrometry, solvent extraction, gas chromatography* catalysis^ liquefaction, 
nuclear fuel reprocessing, fiiel cells, electrochemical applications, pervaporation, 
drug delivery or lubrication. 

35. A method for carrying out an enzyme-catalysed reaction comprising 

iv. ) providing a liquid reaction medium which comprises an ionic liquid as 

claimed in any of claims 1 to 29; 

v. ) providing in the liquid reaction medium an enzyme and a substrate for 

the enzyme; and 

vi. ) allowing reaction of the substrate to occur, 
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